Abstract -The chemistry of new carbohydrate derivatives, involving the anomeric center and leading to glycosyl carbanions, radicals, radical anions, oxonium ions and to glycosylidene carbenes is presented.
INTRODUCTION
The concepts of transition states and of reactive intermediates form the most comprehensive basis for classifying and rationalizing chemical reactions; the concept of reactive intermediates is also at the root of a powerful heuristic principle for the invention of new synthetic reactions.
The chemistry of carbohydrates -enantiomerically pure, polyfunctional compounds of a very diverse degree of complexity, and partners in the primary and secondary metabolism -still requires synthetic methods to increase the versatility of carbohydrates as "chirons", to use the gradually changing properties of their isomers in the study of reaction m e chanisms, and to synthesize products for solving biochemical problems. The invention of such methods may be based upon the design of appropriate carbohydrate derivatives for the generation of reactive intermediates such as carbocations, carbanions, radical anions, radical cations, radicals and carbenes. I report on our research on derivatives for gene&g glycosyl carbanions and glycosylidene carbenes.
GLYCOSYL CARBANIONS AND 1-DEOXY-1-NITROALDOSES
To be useful for the generation of glycosyl carbaniom, the derivatives, serving as precursors, should possess a functional group at the anomeric centre which allows deprotonation under sufficiently rmld conditions to avoid elimination. Also, substitution of this functional group by other functional groups or by a (second) carbon substituent should be ossible. The nitro group and, accordingly, 1-deoxy-1-nitroaldoses -the only C-nitro derivatives (ref. 1) which had not k prepared -appeared ap ropriate. Indeed, only the 2-deoxy derivatives of the subsequently examined glycosyl sulfoglycosyl carbanions, as are the vinyllithium compounds derived from glycals (ref. The questions related to the synthetic potential of 1-nitrosugars are indicated in Scheme I. Glycosyl carbanions (2 and 4) may be generated by deprotonation of 1 or by Michael addition to 1-C-nitroglycals 3, which should be available from 2-0-acyl nitroaldoses. Reaction with electrophiles should lead to 5, in which the "tertiary" nitro group may act as a leaving group. The resulting glycosyl cations 6 should, in their turn, react with nucleophiles to 7. The versatility of the nitro group (ref. 1) should also allow the generation of radicals and radical anions and thus bond formation with radicals and with one-electron donors. Two methods axe available for the synthesis of 1-nitroaldoses. Both use aldose oximes as starting material. In the preferred one (ref. 7), an oxime such as 12 or 15 reacts via the tautomeric, cyclic hydroxylamine with p-nitrobenzaldehyde to a glycosyl nitrone (13,16) which is ozonolysed to the desired nitro ether (14,17), as illustrated in Scheme 2 for protected and unprotected glucopyranose. Acylation of 17 and elimination opens a way to 1-C-nitroglycals such as 18. In the second one (ref. 8), the oxime is oxidised to a hydroximolactone (19, 20) . Halogenation leads to a halonitroso ether 21 and, by further oxidation, to a halonitro ether 22, which is reduced to the nitroaldose. The equatorial ne-s (ref.
2), the glycosyl-E 'thium compounds (ref.
3), and -phosphonium salts (ref. 4) are useful for the generation of orientation of the nitro group in 14 and 17 is ultimately determined by the the equatorial orientation of the hydroxylamino group in the thermodynamically preferred anomer of the cyclic tautomers of 12 and 15. The nitro group has a normal and, in CHC13, a strong anomeric effect (ref. 9a In the following, I highlight the various aspects of reactivity which are layed out in Scheme 1. Nitroaldoses readily form C,C bonds under conditions of the Henry or of the Michael reaction, leading to chain-elongated products (Scheme 3). This is illustrated by the reaction of the nitroribose 31 with formaldehyde, followed by acetylation. The psicofuranose 32 was isolated in 89% together with small amounts of its anomer. Michael addition of 31 with acrylonitrile yielded the ribo-heptulose derivative 33 and its anomer (74%) in a ratio of 14:l (ref. 17) . Michael addition to nih.oglycals is an alternative to the notoriously difficult nucleophilic substitution at C(2). The Nacetyl mannosamine derivative 45 (Scheme 5 ) is formed in high yields by the reaction of the nitroglycal44 with arnmonia The stereoelectronically controlled axial addition of ammonia is followed by an 0 to N migration of the acyl group. In a second step, 45 was treated with tertbutyl bromomethacrylate and the resulting nitro ether was solvolysed at pH 6.6. The dose 46 exists preferentially as the keto tautomer. It was transformed in a high-yielding four step sequence to N-acetyl neuraminic acid 47 (ref. 22) .The stereoelectronic control in the P-addition is strong enough to overcome the 13-diaxial interaction with the C(1),0 substituent of 48. Only the N-acetyl talosamine 49 was formed (after acetylation), while the reversible addition of azide to 48 led to the anomeric gulacto configurated 2-azido-2-deoxy analogues. Radical anions are doubtlessly also generated by a oneelectron transfer from nitronate anions onto nitro ethers. We found this Kornblum reaction (ref, 30) useful. The furanose 60 (Scheme 7) yields a mixture of 61 and 62 (66% A shortcoxnine of nitro ethers, implicit in their reluctance to undergo p-elimination, is their relatively low reactivity.
Thus, in aprojected way to carba-disacchddes, it proved difficult to add the nitronate anion derived from 14 to sterically hindered aldehydes (ref. 33) . In spite of this restriction, the concept of using nitro ethers as precursors for the generation of glycosyl carbanions has been a fruitful one. Aspects which remain to be explored include a more ample examination of the acylation at C(1), of the addition of carbon-and heteronucleophiles at C(2) and of 1,3-dipolar cycloadditions of the corresponding nitronates.
GLYCOSYLIDENE CARBENES A N D GLYCOSYLIDENE DERIVED DlAZlRlNES
The functions of the anomeric nitro group to first generate glycosyl carbanions and then to seme as a leaving group in the formation of carboxonium ions may formally be combined in a derivative leading to glycosylidene carbenes. It was not, however, this consideration which attracted our attention to these reactive intermediates. We were interested in methods for the synthesis of glycosides which would not be based on the promoter-dependent activation of a (potential) 9). The ratio of isotopomers in 67a is 1:3; the axial attack appears to be preferred. The galacto-analogue of 66x1 reacts faster, leading to the isotopomeric diaziridines 84a (compare Scheme 11) in a ratio of 1:9. Treatment of 67a with Ac2O led to a 1:l mixture of the isoto omeric N-acetyl-lactone hydrazones 69. Clearly, Ac2O does not distinguish between the two (NH) groups in 67a $he oxadiazole 70 was obtained as a byproduct. We are currently investigating the chemistry of the l-hydraziglycoses and of glyconolactone hydrazones; oxadiazoles such as 70 may also prove interesting compounds. ratio of 1:l); c) the total yields of % -glycosides are quite good and about the same (ca. 75%) for the three phenols. is either 0-or C-alkylated. Methoxymethylcarbene displays a remarkably high selectivity in its nucleophilic reaction with alkenes (ref. 3Sb), and one expects that it also reacts selectively as a base. A competition ex eriment, in which one equivalent of the diazirine 68 was exposed to one equiv. each of 71 @ K w = 10.2) and 73 &Km = 7.2) gave the products derived Erom 71 and 73 in a 1:l ratio; showing that differences in thermodynamic acidities in this range of pK values do not induce selectivity. 
Scheme 13
Glycosidation by carbenes implies that steric hindrance should not be an important factor. As expected, the glucosidation of 2,6-di-fertbutyl-4-methylphenol (BHT, 101) by 1 equiv. of 68 proceeded well (Scheme 13 Exploratory experiments in the glucosidation of model alcohols by 1 equiv. of 68 (Table) gave the desired glucosides in yields between 34 and 72%. The highest yields and the best diastereoselectivities were obtained with the most acidic alcohol, hexafluoroisopropanol, in a situation reminding one of the glycosidation of phenols. Conditions have not yet been optimised, but it appears that glycosidation proceeds better with more highly acidic (and thus less nucleophilic) alcohols, while less acidic alcohols give rise to more byproducts such as benzyloxyglycals. In this, glycosidation by 1-aziglycoses is quite different from the Koenigs-Knorr type glycosidation, perhaps with the exception of special applica-tions of the imidate method, where strongly acidic hydroxy compounds such as phosphate diesters protonate the imidoyl group (ref. 43) . During the glycosidation of hexafluoroisopro anol with 68, we observed formation of a yellow colour. The timedependent UV-spectrum indicated the formation o ! a transient species with a maximum at 290 nm and a weak band in the i.r.-spectrum at 1995 cm-1 (cf. ref. 35b ). This may evidence the formation of a diazoether, either as intermediate or as side product. Although several cases of the rearrangement of diazirines to the more stable diazocompounds are known (ref. 44), the acid labile diazoethers have hardly been studied (ref. 45) and we have started a program to prepare such intermediates. A remarkable feature of these glycosidations is their dependence upon concentration: at a concentration of 9.1 mM in CH2Cl2, only the fluorinated, i.e. the acidic alcohols form glycosides, so that either a high selectivity of the carbenes or a heterolytic opening of the diazirine ring, favoured by proton transfer from ROH, (and thus a preassociation) must be assumed. Plafa et ul. (ref. 46) have determined the absolute rate constants for the reaction of the glycosylidene carbene, generated from 68 by laser flash photolysis. The kinetic data favour a mechanism involving proton transfer from the alcohol to the carbene. This carbene has a lifetime (in MeCN) of 772 ns, and is 100 times less reactive towards methanol than the parent methylmethoxy-carbene, presumably due to the benzyloxy groups which act as o-acceptors and lower the basicity of the carbene. 
exclusively to the monoglycosylated 108 and 109 (ref. 48) , and demonstrating that a regioselective monoglycosidation with a 1-azi-I-deoxyglycose is feasible, at the least in favourable cases. Presumably, this reaction also involves protonation of the carbene (and of the diazirine?). It is tempting to associate the high diastereoselectivity (no a-D-glucosides were found) -at the least in part -with a neighbouring group participation of the C(2)-benzyloxy group.
At this stage, one may advance a working hypothesis for the glycosidation of (kinetically) acidic phenols and alcohoIs which involves proton transfer to the azi group (+ A) (Scheme 15) and heterolytic opening of the diazirine ring (+ B).
The ensueing zwitterion B may lose N2 (and H+, or ROH resp.) to give the carbene C. Protonation of the carbene then leads to a poorly solvated and thus highly reactive carboxonium ion D where some degree of neighbouring group participation (+ E) is possible. Process a) (from E) would mainly yield 1,2-trms glycosides, while a mixture of anomers may result by process b) (from D). The zwitterion B, formed upon heterolysis of an N-C(1) bond may also isomerize to an N-protonated diazo compound F and hence to a diazoether, which may or may not act as a glycosylating agent (e.g. by being protonated (from the equatorial side? cf. ref. 49) at C(1) (+ C)). For less acidic alcohols, the extent to which proton transfer to the azi group and/or to the carbene takes place should be reduced. (Formation of a carbene from the aziglycose does not require protonation.) The carbene (C) may react by a more or less polarized insertion process c), which does not lead to a carboxonium ion intermediate. This may again lead to mixtures of anomers, as mght process d). These hypotheses lead to a number of questions. Thus, one expects an increased stability for an 0-acyl (vs. an 0-alkyl) protected aziglycose if heterolysis of the N,C(l) bond and particularly if proton-transfer to the diazirine is important in the (ratedetermining) formation of 11 and/or C. If C is protonated, one expects a neighbouring group participation by a C(2) acyloxy group, formation of a dioxolenium ion and of orthoesters. If the C(2) benzyloxy group is relevant for the diastereoselectivity (as evidenced by the formation of 1,2-frms 0-aryl glycosides), then l-azi-1.2-dide oxyglycoses should show a different diastereoselectivity, and yield informations about the preference for axial vs.
equatorial attack of ROH or RO, respectively. Finally, diazoethers derived from F ought to be prepared and studied. The pivaloylated l-azi-l,2dideoxyglycose 122 was prepared as indicated in Scheme 17 (ref. 52 ). An (JZE) mixture of hydroximolactones (as observed for other 2-deoxy-hydroximolactones) was obtained form 116. Only the (2)-mesylate 119 reacts well to form 121, and 120 was transformed into 121 by mild acid catalysis. The ratio, in which the anomeric 0-aryl glycosides were formed are not far removed from 1 :1, depend slightly upon the solvent and are not in contradiction with a neighbouring group participation of the C(2) benzyloxy group in the analogous glycosylation of 68. Again, weakly acidic alcohols give poorer yields. As in other glycosidations with 1-aziglycoses, we observe byproducts from adventitious Hfl, disaccharides, products of 0-acyl and of 1,2-hydrogen-migration. As one expects a preferential axial attack of a nucleophile onto a glycosyl cation, the 1 :I ratio may indicate (partial or total) proton transfer from a randomly oriented ROH and immediate collapse of the ion pair. These questions are currently studied in more detail. 51.5:31.4:8.4:5.6) , again from a preferred approach from the side of O-C(5) . Nucleophilic carbenes do not react diastereospecifically with acceptor-substituted alkenes. This was also observed in the reaction of 68 with dimethyl fummte and maleate, respectively. From the fumarate, only the truns cyclopropanes 130 and 131 were obtained (72%, 6:4), while the maleate yielded the trarrs and the cis cyclopropanes 130-133 (58%; 29:19:33:19 
137
One of the problems yet to be solved is a short synthesis of the ideal precursor. 
